J. Am. Chem. S0d.999,121, 6499-6500

Enantiofacial Discrimination in
Dihapto-Coordination of Aromatic Molecules by the
Chiral w-Baseb-Lewis Acid { TpRe(CO)(PMes)}

T. Brent Gunnoe, Michal Sabat, and W. Dean Harman*

Department of Chemistry, Urgrsity of Virginia
Charlottesille, Virginia 22901

Receied March 19, 1999

Aromatic compounds constitute a diverse and abundant sourc

of cyclic carbon skeletons that may be incorporated into the
synthesis of many natural products and biologically important

molecules. However, the inherent stability of these compounds

often limits the scope of their useful chemical transformations.

One strategy used to overcome this aromatic “inertia” has been

to complex these molecules with a transition metal. Exhibiting
chemistry that is complementary to that g¥-aromatic com-
plexes! the pentaammineosmium(ll) fragment binds aromatic

compounds in a dihapto-coordination mode and activates the

ligand toward electrophilic additiohAlthough the{ (NH3)s0s 2"

system has been utilized for a wide variety of arene substitution
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(DME = 1,2-dimethoxyethane), the phosphineoxide ligan@ of

is labile, and reaction with excess L (where=£ PMe;, NHj,
P(OMe}, 'BUNC, pyridine, etc.) yields the corresponding THRe
(Cl)z(L) complexes in good yield. To increase the chances of
obtaining high enantiofacial differentiation upesd binding of
prochiral aromatic compounds, we sought a complex containing
a single, bulky ligand which could be elaborated into the
corresponding monocarbonyl complex. Therefore, TpRe{(Cl)
(PMe;) (3), which is prepared as an orange solid in 85% yield

efrom 2 and PMg, was selected. The reduction ®from Ré" to

Re (Na/Hg) in a pressure tube under CO(g) (10 psi) in the
presence of 20 equiv of cyclohexene (benzene solvent(j0
yields TpRCO)(PMe)(5?-cyclohexene)4) (56%) (eq 1). The
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and dearomatization transformations, this chemistry has beenproduction of a small amount of TpRe(C{PMe;) and TpRe-

limited to racemic mixtures due to the inaccessibility of chiral
derivatives of the pentaammineosmium(ll) sysfe@ur search
for other metals which exhibit binding and activation features
similar to osmiunt;®> yet would tolerate a more diverse set of
ligands, prompted the exploration of th&pRe(CO)} (Tp =
hydridotris(pyrazolyl)borate) fragmeht. Although we were

(COX(n7?-cyclohexene) (approximately 10% total) slightly reduces
the yield of4. Notable features of complekinclude a low-energy
CO stretching absorption at 1796 ch(KBr) in the infrared
spectrum, a chemically and electrochemically reversible oxidation
(RE'/R€) at 0.23 V (vs NHE; 100 mV/s) in the cyclic voltam-
mogram, resonances at 51.0 and 48.6 ppi@ NMR) assigned

unsuccessful in obtaining mononuclear complexes suitable for to the bound olefinic carbons, and a singlet in tHg{1H} NMR

dearomatization reactions, complexes of the §f@Re(CO)]-
(u-n7%n?-A)} (where A= furan, N-methylpyrrole, naphthalene,

spectrum at-18.09 ppn?
To maximize the overlap between the olefifi orbital with

or dinitrogen) were isolated and characterized. We reasoned thatthe dr HOMO of the & rhenium center, the geometry of the
since these binuclear species were likely formed via aromatic olefinic bond was expected to be orthogonal to the-R® bond

ligand dissociation from the transient monomeric complexes
TpRe(CO)(5?-A), more stable aromatic complexes could be
obtained by substituting one of the CO ligandg @pRe(CO)}
with a weakerz-acid or stronger-donor.

Mayer and Brown have demonstrated that TpRe(@yyidine)
can be synthesized from TpREI),(O) (1).2 The synthetic
sequence involves the initial reduction of the Re(V) oxo complex
1 to Re(lll) with triphenylphosphine. Similarly, the addition of
trimethylphosphine td yields the bright orange phosphineoxide
complex TpRE (Cl)o(O=PMe&;) (2) (93%). In refluxing DME

(1) See, for example: (a) Semmelhack, M. Gomprehensie Organic
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axis1® The solid-state structural determination 4f(ORTEP
drawing in Supporting Information) confirms this geometry where
the olefinic bond is found to be nearly parallel to the-febond
axisit1?

Treatment ol with AQOTf (OTf = trifluoromethanesulfonate)
yields a green solution which displays a single CO absorption at
1912 cm™. This new complex is presumed to be the one-electron
oxidation product [TpRe(CO)(PME#?-cyclohexene)][OTf] §).
After 30 min of refluxing in DME, the absorption at 1912 cin
is replaced by a new peak at 1866 ¢mrhe IR features of this
reaction likely correspond to cyclohexene dissociation and the
formation of TpRe(CO)(PMg(OTT) (6).

The reduction of6 in the presence of excess naphthalene,
thiophene, or furan yields stable mononuclear complexes of the
form TpRe(CO)(PMg(n*L) {L = naphthalene 7) (55%),
thiophene 8) (77%), or furan 9) (81%) (Scheme 1). The direct
substitution of an aromatic compound for cyclohexene at the Re-
() oxidation state is difficult due to the thermal stability 4fs
well as the instability o7—9 at high temperatures. Of particular
significance is they? bound naphthalene complex of which
examples are extremely ratéHd and'3C NMR data indicate that
the metal binds exclusively across C1 and C2. Monitorirtg-a

(9) The phosphorous chemical shifts of the Re(l) complexes reported herein
are similar to previously reported RetlPMe; complexes. For example, see:
Cusanelli, A.; Sutton, DOrganometallics1995 14, 4651.

(10) Back-bonding of the twod orbitals which are oriented along the
Re—CO bond axis with the stronglyr-acidic CO ligands will result in
substantial lowering of the energy of these two orbitals.

(11) For reports of structural features of similar rhenitatkene complexes,
see: (a) Kowalczyk, J. J.; Arif, A. M.; Gladysz, J. 8hem. Ber1991, 124,

729. (b) Pu, J.; Peng, T.-S.; Mayne, C. L.; Arif, A. M.; Gladysz, J. A.
Organometallics1993 12, 2686.

(12) The majority of the protons of compl@xwere located in the Fourier
map. However, due possibly to disorder, H(3) and H(17) were not located in
the Fourier map, and these hydrogens were placed at calculated positions.
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\ / o p p
<\ /7 Regarding the significance of the heterocyclic complekasd
PMe PMe, 9, reports ofp?-thiophene and;?>furan complexes are scarce.
I : ‘ o Although thiophene exhibits a diversity of coordination motfes,
N e.—'°° N\ N-es e N examples of dihapto-coordinated thiophenes are rare. It has been
T A \D [/ -N/‘ \D suggested that sulfur-bound thiophemeetal bonds are dominated
NIN \ S NIV 4 0o by the heteroatom-to-metatbonding contribution, and that-
B’ N\ B/ N\ thiophene is a relatively poot-acid!” Spectroscopic evidence
BN BN p p p p
H \;7 H . (*H, °C, and3®P NMR) indicates tha8 exists as a 3.2/2.0/1.0
(Major diastereomer shown) (Major diastereomer shown) mixture of isomers (22C). These isomers have been assigned

(32:20:1.0) (g) 2.1:1) @ as twon?-bound diastereomers and thesulfur bound complex
(n?my* = 5.2/1.0). The thermodynamic stability of thg?

acetone solution of by *H NMR indicates that the naphthalene ~ coordination mode compared to thé coordination mode is a
complex undergoes a clean substitution reaction with the solventreflection of thez-basicity of the{ ToRe(CO)(PMg)} fragment.
(t» ~ 8 h). Nearly quantitative appearance of free naphthalene Similar to the thiophene comple& the furan comple® exists
is accompanied by the formation of a single new TpRe complex &s & mixture of isomers (2.1/1.0 ratio; 22). However, for furan
{TpRe(CO)(PMg)(n?*acetone) 10)}. Independent synthesis of the nl-heteroatom bound co_ordlngtlon mode is absent. #or
the acetone complex0 confirms the identity of the exchange bound isomers and 9 there is a slight preference to have the
product (see Supporting Information for details). Of note, it is heteroatom oriented away from the phosphine, but the stereo-
difficult to access complexes—9 by direct reduction of TpRe-  differentiation is much lower than that for naphthalene. The
(CN)2(PMey) (3) under CO (g) in the presence of the corresponding differences between the two enantiofaces of these prochiral
aromatic due to the thermal conditions required for halide loss heterocycles are small, and the modest diastereoselectivity is likely
(i.e., the dihapto-bound aromatic products are not stable under@ reflection of this negligible steric difference rather than of poor

the reaction Conditions)l chiral discriminating abl“ty of the metal System.

Only one diastereomer is detected 1Y, 3C, and3P NMR Although details of the elaboration of the naphthalene ligand
data for the naphthalene compl@Diastereomer interconversion ~ aré beyond the scope of the current study, preliminary data
is expected to be rapid fdf like that of its osmium analogué, indicate that, when subjected to an acidic solution of a 1-methoxy-

thus the observation of only a single diastereomer should reflect 2-methyl-1-trimethylsiloxypropene, it undergoes 1,4-addition to
a thermodynamic bias for the binding of a single enantioface. 9ive a single diastereomer of a 1,4-dihydronaphthalene complex
Stereoisomer exchange rapid enough to result in a time-averagednalogous to that observed for osmitimOxidation of this
IH NMR spectrum of two diastereomers seems highly unlikely cpmplex with AgOTTf results in the observation of the free 1,4-
given the observance of well-resolved diastereomers for analogousdihydronaphthalene compound. _
rhenium system& As is the case for the olefinic ligand & the In summary, a synthetic route to thebasic {TpRe(CO)-
naphthalene GC2 bond is expected to be aligned approximately (PMes)} fragment has been developed. This metal system forms
parallel with the Re-P bond axis. Whereas the pyrazolyl ring Stabler*-aromatic complexes with naphthalene, thiophene, and
trans to the CO effectively directs the ligand away from it (and furan that a.pproach .the stability of the pentaammineosmium(ll)
syn to the CO ligand), the steric influence of the phosphine sy_stem.V\(hlle_ the chiral me_tal fragment demonstrates only_ modest
appears to dominate that of the pyrazolyl ring trans to it. Thus, ability to discriminate enantloface_zs with _the het(_erocycl_es thiophene
NOE and P-H coupling data (vide infra) indicate that the B ring and furan, excellent stereo-differentiation is achieved upon
of the naphthalene ligand (i.e., the uncomplexed ring) is oriented coordination of naphth_aler_le. Thus, it is possible t_hat an entirely
away from the phosphine ligand. new class of dearomatlzathn agents may be obtained of the form
The rhenium fragmenfCp‘Re(NO)(PPR)}* (Cp* = cyclo- {TpRe(CO)(L} that may ultimately prove to be powerful tools
pentadienyl or pentamethylcyclopentadienyl) is closely related to for the synthetic chemist.
the {TpRe(CO)(PMg)} system, and Gladysz et al. have exten- Acknowledgment is made to the National Science Foundation
sively studied the enantiofacial binding preferences of the Cp (CHE9807375) and NIH (R01-GM49236) for their generous support of
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coupling constants for [GRe(NO)(PPE)(7%-alkene)} complexes dimensional NMR techniques and measurement of NOEs.
are observed for the protons of the bound carbons. In particular, Supporting Information Available: Synthetic procedures and full
the olefinic proton(s) oriented toward the phosphine display characterization data for complexés4 and7—9, details of the X-ray
values that are dramatically larger than those oriented away from g'g:gclgﬁgtﬁts“g%’aaafglgfigmf;g:"é‘?nr:trgé (;rr)]/jt;gg?rcr)%filcn?ig;flgtcg?rih t
the phosph.lne (Scheme 2J.An analogous difference in coupling parameters (PDF). This material is available free of charge via the Internet
constants is observed for compourigs8, and9 (Scheme 2). at http://pubs.acs.org.
Accordingly,by using the combination of coupling constants, NOE
data, and'H decoupling experiments unambiguous assignment JA990891E

of major and minor coordination diastereomers for these com-  (15) For full details of these studies, see the Supporting Information.
(16) (a) Angelici, R. JCoord. Chem. Re 199Q 105 61. (b) Choi, M.-
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